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ABSTRACT 
Ind iv idua l  t ox i can t  concent ra t ions  i n  t h e  I l l i n o i s  River were 
expressed a s  f r a c t i o n s  o f  t h e i r  96-hr LC50 va lues  t o  b l u e g i l l s ,  
y i e l d i n g  t h e i r  component t o x i c i t i e s  i n  b l u e g i l l  t o x i c  u n i t s  (BGTllls). 
A s o l u t i o n  having a  t o x i c i t y  o f  1 .0  BGTU was def ined  a s  being l e t h a l  
t o  50 pe rcen t  o f  t h e  b l u e g i l l s  exposed t o  it f o r  96 h r .  River t o x i c a n t s  
inc luded  a l d r i n ,  undissoc ia ted  ammonia [ammonia ) ,  a r s e n i c ,  cadmium, l u) 
hexava len t  and t r i v a l e n t  chromium, copper,  cyanide,  f l u o r i d e ,  l i n e a r  
a l k y l a t e  s u l f o n a t e  (LAS), l e ad ,  mercury, phenols ,  and z inc .  Component 
t o x i c i t i e s  a t  d i f f e r e n t  l o c a t i o n s  on t h e  r i v e r  were summed t o  produce 
t h e  t o x i c i t y  index,  o r  t o t a l  t o x i c i t y ,  o f  t h e  r i v e r .  Pre l iminary  mean 
t o x i c i t y  i n d i c e s  developed from p rev ious ly  publ i shed  d a t a  du r ing  1972 
and 1973 ranged from 0.045 t o  0.168 BGTU1s, on t h e  I l l i n o i s  and Des 
P l a ines  r i v e r s .  However, maximum component t o x i c i t i e s  o f  ammonia ( u) 
and cyanide dur ing  t h i s  pe r iod  reached 0.630 and 0.467 BGTU1s, respec-  
t i v e l y .  LAS, copper,  f l u o r i d e ,  and z inc  a l s o  con t r ibu t ed  t o  t h e  p re l imi -  
nary  r i v e r  t o x i c i t y  i n d i c e s .  Mean t o x i c i t y  i n d i c e s  developed dur ing  f i e l d  
t e s t s ,  i n  which b l u e g i l l s  were exposed d i r e c t l y  t o  r i v e r  wa te r ,  and t h e  
lack o f  m o r t a l i t y  a t  t h e s e  t e s t s ,  i n d i c a t e d  t h a t  t h e  I l l i n o i s  River is  
not  normally a c u t e l y  t o x i c  t o  f i s h .  The 96-hr LC50 va lues  o f  ammonia ( u) 
and LAS t o  b l u e g i l l s  were found t o  be 1.65 and 6 .5  m g / l i t e r ,  r e s p e c t i v e l y ,  
us ing  continuous-flow b ioassays  with d i l u t i o n  water  s i m i l a r  i n  hardness ,  
a l k a l i n i t y  and pH t o  I l l i n o i s  River wa te r .  
Lubinski , K .  S. , Sparks,  R.  E . and Jahn,  L.  A .  
THE DEVELOPMENT OF TOXICITY INDICES FOR ASSESSING THE QUALITY OF THE 
ILLINOIS RIVER. 
Keywords - -  toxicity*/bioindicators/water p o l l u t i o n  e f f e c t s / I l l i n o i s  River*/ 
water  q u a l i t y  
OBJECTIVES AND SCOPE 
The primary objec t ives  o f  t h i s  p r o j e c t  were t o  compile t o x i c i t y  
ind ices  f o r  the  I l l i n o i s  River and t o  determine i f  these  indices  could 
accura te ly  est imate the  q u a l i t y  o f  the  r i v e r  f o r  f i s h  l i f e .  An impor- 
t a n t  reason f o r  undertaking t h i s  p r o j e c t  was t o  determine i f  the  con- 
s ide rab le  bulk of  chemical and physical  d a t a  now being generated by 
r i v e r  monitoring agencies could be used d i r e c t l y  t o  descr ibe  the  b io log i -  
ca l  q u a l i t y  o f  t h e  I l l i n o i s  River, thus providing a  t o o l  t h a t  could be 
applied t o  the  protec t ion  of  t h e  aquat ic  l i f e  i n  the  r i v e r .  
The s p e c i f i c  ob jec t ives  o f  t h e  p r o j e c t  were t o :  
1) r e l a t e  d a t a  on t h e  l e t h a l  l e v e l s  o f  tox ican t s  t o  the  concen- 
t r a t i o n s  o f  these  tox ican t s  i n  the  I l l i n o i s  River, by means o f  
r i v e r  t o x i c i t y  ind ices .  
2) conduct f i e l d  t e s t s  t o  determine t h e  v a l i d i t y  of  expressing 
the  t o x i c i t y  of t h e  r i v e r  using t o x i c i t y  jndices.  
3) conduct continuous- flow toxicant  b ioass  ays t o  determine t o  
what ex ten t  t h e  general water q u a l i t y  of the  I l l i n o i s  River 
influenced the  acute t o x i c i t y  of  the  tox ican t s  and t o  inves-  
t i g a t e  t h e  l e t h a l  e f f e c t s  of  combinations of  tox ican t s .  
4 )  assess  the  d a i l y  v a r i a b i l i t y  of zinc,  copper, and lead  concen- 
t r a t i o n s  i n  t h e  I l l i n o i s  River, and t o  r e l a t e  t h e  va r i a t ions  
o f  these  tox ican t s ,  i f  poss ib le ,  t o  water l eve l s  and the  t u r b i d i t y  
o f  the  r i v e r .  
The bioassay phase of t h i s  p r o j e c t  was only p a r t i a l l y  completed. 
Although ammonia and l i n e a r  a lky la te  su l fonate  (LAS) bioassays were 
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INTRODUCTION 
The I l l i n o i s  River (Figure 1 )  once supported an enormous commercial 
and s p o r t  f i s h e r y  (Mi l l s ,  S t a r r e t t ,  and Bel l rose ,  1966),  b u t  t h e  environ- 
mental condi t ions  o f  t h e  r i v e r  a r e  now seve re ly  degraded and t h e  commer- 
c i a l  f i s h e r y  o f  t h e  r i v e r  i s  only a  f r a c t i o n  of  i t s  former s i z e .  One 
f a c t o r  t h a t  may have been p a r t l y  r e spons ib l e  f o r  t h e  degradat ion of  t h e  
r i v e r  was t h e  presence of  t o x i c  m a t e r i a l s  i n  t h e  r i v e r .  Although many 
s t u d i e s  have been c a r r i e d  ou t  t o  measure tox ican t  concent ra t ions  i n  t h e  
I l l i n o i s  River (Mathis and Cummings, 1971; Su l l i van  and Swisher,  1969; 
I l l i n o i s  S t a t e  Water Survey, 1972),  and t o x i c a n t  concent ra t ion  d a t a  f o r  
t h e  I l l i n o i s  River were publ ished yea r ly  by t h e  I l l i n o i s  Environmental 
P r o t e c t i o n  Agency (1972; 1973),  t h e  r e l a t i o n s h i p s  between t h e  concentra- 
t i o n s  of t o x i c a n t s  and t h e i r  l e t h a l  e f f e c t s  on a q u a t i c  organisms i n  t h e  
r i v e r  have remained l a r g e l y  specu la t ive .  
Fish i n  t h e  I l l i n o i s  River a r e  exposed s imul taneous ly  t o  a  wide 
v a r i e t y  o f  t o x i c a n t s  o r i g i n a t i n g  from municipal,  i n d u s t r i a l ,  and a g r i -  
c u l t u r a l  sources.  Toxic m a t e r i a l s  d e a l t  with i n  t h i s  s tudy  inc luded  
und i s soc i a t ed  ammonia (ammonia ) ,  a r s e n i c ,  cadmium, chromium, copper,  
Cu) 
cyanide,  f l u o r i d e ,  mercury, lead ,  l i n e a r  a l k y l a t e  s u l f o n a t e  (LAS) ,  
p e s t i c i d e s ,  phenols ,  and zinc.  Separa t ing  t h e  l e t h a l  e f f e c t s  of one o f  
t h e s e  t o x i c a n t s  from another  i n  t h e  r i v e r  appeared t o  b e  p a r t i c u l a r l y  
d i f f i c u l t .  I n s t ead ,  t h i s  s tudy  involved t h e  e s t ima t ion  of  t h e  t o t a l  
j o i n t  t o x i c i t y  o f  t hese  ma te r i a l s  i n  t h e  I l l i n o i s  River by e s t a b l i s h i n g  
t o x i c i t y  i n d i c e s  f o r  d i f f e r e n t  l o c a t i o n s  along t h e  r i v e r .  
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METHODS 
S e l e c t i o n  o f  Previous ly  Published LC50 Values 
The b l u e g i l l ,  Lepomis macrochirus,  was used a s  t h e  r e f e rence  o r -  
ganism o f  t h e  i n d i c e s  because it i s  a  n a t u r a l  i n h a b i t a n t  o f  t h e  I l l i -  
no i s  River ,  and because of  t h e  l a r g e  volume of  d a t a  a v a i l a b l e  on the  
acu te  t o x i c i t y  of va r ious  m a t e r i a l s  t o  b l u e g i l l s .  
A thorough review o f  t h e  l i t e r a t u r e  was made t o  determine 96-hr 
LC501s o f  t h e  t o x i c a n t s  l i s t e d  p rev ious ly  t o  b l u e g i l l s .  These va lues  
were t h e  concent ra t ions  o f  t h e  t o x i c a n t s  t h a t  were l e t h a l  t o  50 per-  
cen t  o f  t h e  b l u e g i l l s  exposed t o  them f o r  96 hours .  
A l l  e f f o r t s  were made t o  use  LC50 d a t a  from t h e  l i t e r a t u r e  t h a t  
were app l i cab le  t o  t h e  I l l i n o i s  River ,  such a s  t hose  c a l c u l a t e d  i n  ex- 
per iments  where hard  a l k a l i n e  water  with a  pH nea r  8.0 was used a s  
d i l u t i o n  water .  These va lues  a r e  presented  i n  Table 1. To make cer -  
t a i n  t h a t  l i t e r a t u r e  va lues  were reasonably accu ra t e ,  96-hr LC50's f o r  
ammonia and LAS were exper imenta l ly  determined ( see  method below) (u) 
us ing  continous-flow b ioassays  and d i l u t i o n  water  s i m i l a r  i n  hardness ,  
a l k a l i n i t y ,  and pH t o  I l l i n o i s  River water .  No b l u e g i l l  LC50 d a t a  were 
a v a i l a b l e  f o r  f l u o r i d e ;  however, a  median 96-hr LC50 between those  r e -  
po r t ed  f o r  carp ,  Cyprinus ca rp io  , and rainbow t r o u t ,  Salmo g a i r d n e r i i ,  - 
was assumed app l i cab le  f o r  b l u e g i l l s .  When t h e  LC50 d a t a  was r epo r t ed  
a s  a  s a l t ,  a s  f o r  a r s e n i c  and mercury, t h e  concen t r a t ions  were converted 
t o  apply  t o  t h e  t o x i c i o n  only.Although t h e  mercury LC50 r epor t ed  by 
Wil l ford  (1966) was determined over  a  48-hr pe r iod ,  t h e  lack  o f  acu te  
t o x i c i t y  d a t a  f o r  mercury n e c e s s i t a t e d  t h e  use  o f  t h i s  ya lue  i n  t h e  
Table  1. 96-hr  LC50 Values o f  Suspec ted  River  Toxican ts  i n  D i l u t i o n  
Water S i m i l a r  i n  Q u a l i t y  t o  I l l i n o i s  River  Water. 
96-hr  LC50 
Toxican t  ( i n  m g / l i t e r )  Reference 
Ammon i a (u) 1.65 ammonia b ioa s say  (u) 
Arsen ic  17 .5*  Gui l de rhus  (1966) 
Cadmi urn 45.  l *  P i cke r ing  and Henderson 
(1966) 
Chromium ( t r i v a l e n t )  71.9 
Chromium (hexava len t )  133.0  
Copper 
P i cke r ing  and Henderson 
(1966) 
P i cke r ing  and Henderson 
(1966) 
10 .2  P i c k e r i n g  and Henderson 
(1966) 
Cyanide 0 .15 Doudoroff, e t  a l .  (1966) 
F luo r ide  
Lead 
L AS 
Mercury 
P e s t i c i d e s  
A ld r in  
DDT 
D i e l d r i n  
Heptach lor  
Phenol 
Zinc 
Neuhold and S i g l e r  (1960) 
P i cke r ing  and Henderson 
(1966) 
LAS b i o a s s a y  
W i l  l f o r d  (1966) 
Tarzwel l  (19581 
Anonymous (1960) 
P i cke r ing  and Henderson 
(1966) 
* e s t i m a t e d  va lue s .  See t e x t  f o r  exp l ana t i on .  
8 
i nd ices .  The 96-hr LC50 f o r  cadmium t o  b l u e g i l l s  was derived by assuming 
t h a t  the  t o x i c i t y  of  cadmium t o  b l u e g i l l s  was a f fec ted  t o  t h e  same ex- 
t e n t  by water hardness as was t h e  t o x i c i t y  of  cadmium t o  green sunf ish ,  
Lepomis cyanellus,  a  c lose  r e l a t i v e  of the  b l u e g i l l .  A review of the  
tox ican t s  used i n  t h i s  s tudy,  t h e i r  l e t h a l  t o x i c i t i e s ,  and how t h e i r  tox- 
i c i t i e s  were a f fec ted  by d i f f e r e n t  water c h a r a c t e r i s t i c s  was presented 
by Lubinski (manuscript i n  prepara t ion) .  
Calcu la t i on  of Toxic i ty  Ind i ce s  
The 96-hr  LC50 va lues  presen ted  i n  Table  1 ,  and I l l i n o i s  Environ- 
mental P ro t ec t i on  Agency d a t a  (1972; 1973) were used t o  develop p re l imi -  
nary t o x i c i t y  i n d i c e s  f o r  17 l o c a t i o n s  on t h e  I l l i n o i s  and Des P l a ines  
r i v e r s .  To e s t a b l i s h  a  t o x i c i t y  index f o r  t h e  I l l i n o i s  River a t  a  par -  
t i c u l a r  l o c a t i o n ,  each t o x i c a n t  concen t r a t i on  i n  t h e  r i v e r  was expressed 
a s  a  f r a c t i o n  o f  i t s  96-hr LC50 t o  b l u e g i l l s ,  y i e l d i n g  i t s  component 
t o x i c i t y  i n  b l u e g i l l  t o x i c  u n i t s  (BGTUfs) , fol lowing t h e  method of 
Brown (1968), which summarized and reviewed by Sprague (1970).  A so lu -  
t i o n  having a  t o x i c i t y  of  1 .0  BGTU was de f ined  a s  be ing  l e t h a l  t o  50 
pe rcen t  of t h e  b l u e g i l l s  exposed t o  it f o r  96 h r .  The acu t e  l e t h a l  
e f f e c t s  of a l l  o f  t h e  t o x i c a n t s  i n  t h e  r i v e r  were assumed t o  b e  addi-  
t i v e ,  and thus  t he  component t o x i c i t i e s  were summed t o  produce t h e  
t o x i c i t y  index,  o r  t o t a l  t o x i c i t y  o f  t h e  r i v e r .  Mean t o x i c i t y  i n d i c e s  
ove r  a  two-year pe r iod  were developed, a s  wel l  as maximum t o x i c i t y  
i n d i c e s  t o  e s t i m a t e  t h e  worst  p o s s i b l e  cond i t i ons  i n  t h e  r i v e r s  du r ing  
t h i s  p e r i o d .  To develop t h e  maximum t o x i c i t y  i n d i c e s ,  t h e  maximum con- 
c e n t r a t i o n s  o f  t h e  t o x i c a n t s  t h a t  occurred a t  t h e  d i f f e r e n t  l o c a t i o n s  
were used. 
Ammonia concen t r a t i ons  were measured by t h e  I 1  l i n o i s  Environmental 
P r o t e c t i o n  Agency a s  ammonia n i t r o g e n ,  which inc ludes  a l l  o f  t h e  forms 
o f  ammonia n i t rogen  t h a t  occur  i n  t h e  r i v e r .  However, on ly  ammonia ( ~ 1  
is  t o x i c  t o  f i s h ,  and t h e r e f o r e  t h e  ammonia n i t r o g e n  concen t r a t i ons  r e -  
p o r t e d  were converted t o  ammonia u s ing  t h e  t a b l e s  presen ted  by (u) 
Skarheim (1973),  t h e  pH va lues  r e p o r t e d ,  and assuming a  temperature  o f  
25 C ,  and a  t o t a l  d i s so lved  s o l i d s  concen t r a t i on  o f  500 m g / l i t e r .  The 
methylene b lue  a c t i v e  substances (MBAS) concent ra t ions  repor ted  by t h e  
I l l i n o i s  Environmental P ro t ec t ion  Agency were mul t ip l i ed  by 0.15 t o  
e s t ima te  t h e  a c t u a l  amounts of  LAS i n  t h e  r i v e r s  (Su l l i van  and Swisher,  
1969).  A l l  cyanide concent ra t ions  were considered t o  be i n  t h e  form 
o f  molecular cyanide. 
Bioassays with Ammonia and LAS 
Cu) 
The t e s t  organisms were young-of-the-year b l u e g i l l s ,  ob ta ined  from 
t h e  I l l i n o i s  Natural  H i s to ry  Survey, Urbana, I l l i n o i s ,  and t r anspor t ed  
t o  t h e  I l l i n o i s  Department o f  Conservation F ie ld  Headquarters a t  Havana, 
I l l i n o i s  (Figure 2 ) .  They were he ld  i n  an oval  1900 l i t e r  tank (Figure 3 ) ,  
and were accl imated and t e s t e d  i n  wel l  water  t h a t  was s i m i l a r  i n  hardness ,  
a l k a l i n i t y ,  and pH t o  I l l i n o i s  River  water .  The temperature during ac- 
c l imat ion  and t e s t i n g  was 22 C (f 4 C) . The b l u e g i l l s  were f ed  crushed 
c a t f i s h  food d a i l y ,  and Gordon Formula (Innes,  1966) a s  a weekly supple-  
ment. A l l  f i s h  used appeared t o  be i n  good h e a l t h .  The s i z e s  of  t h e  blue-  
g i l l s  used i n  t h e  b ioassays  a r e  given below. 
Bioassay 
No. o f  
b l u e g i l l s  
mean t o t a l  
l engths  i n  cm 
(ranges i n  
parentheses)  
Ammoni a (u) 
LAS 
- - - 
The b ioassay  procedures and t h e  methods used t o  develop t h e  t o x i -  
c i t y  curves f o r  ammonia and LAS were o u t l i n e d  by Sprague (1973). A (u) 
p ropor t iona l  d i l u t e r  (Mount and Brungs, 1967) was used t o  d e l i v e r  f i v e  
concent ra t ions  o f  t h e  t o x i c a n t  t e s t e d  p lus  a con t ro l  o f  we l l  water  t o  
Figure 2 .  The I l l i n o i s  River a t  Havana. This i s  a  view o f  t h e  I l l i n o i s  
River looking downstream from t h e  R t .  136 Bridge. The t o x i -  
cant  b ioassays  were c a r r i e d  ou t  a t  t h e  I l l i n o i s  Department o f  
Conservat ion F i e l d  Ileadquarters a t  t h e  l e f t .  F a r t h e r  down- 
s t ream.  t h e  smokestack o f  t h e  I l l i n o i s  Power Company marks 
approximately where t h e  r i v e r  monitor ing was conducted. The 
~ i i i n o i s  River was a t  pool s t a g e  when t h i s  p i c t u r e  was taken .  
Figure  3.  Bioassay f a c i l i t i e s .  The l a r g e  t anks  a t  t h e  l e f t  o f  t h i s  
p i c t u r e  were used t o  ho ld  b l u e g i l l s  and t o  supply d i l u t i o n  
wa te r  t o  t h e  p r o p o r t i o n a l  d i l u t e r  ( c e n t e r ) .  The t e s t  t q k s  
were be ing  checked f o r  b l u e g i l l  m o r t a l i t i e s  du r ing  t h e  LAS 
b ioas say .  
t h e  bottom of s i x  3 . 7 8 - l i t e r  g l a s s  j a r s  t h a t  were used a s  t e s t  tanks 
(Figure 3) .  The tanks  were immersed i n  a water  bath t o  reduce tempera- 
t u r e  v a r i a t i o n s  during the  t e s t s .  The well  water  used dur ing  the  b io -  
assays exh ib i t ed  the  following c h a r a c t e r i s t i c s :  hardness,  126-278 
m g / l i t e r  a s  CaC03; t o t a l  a l k a l i n i t y ,  184-216 m g / l i t e r  as CaC03; pH, 
7.7-8.1; s p e c i f i c  conductance, 530-540 micromhos/cm. The flow r a t e  t o  
t h e  d i l u t e r ,  which de l ive red  250 m l  t o  each tank p e r  cyc le ,  was adjus ted  
t o  y i e l d  a  95 percent  replacement of  t h e  s o l u t i o n s  i n  the  tanks every 6 
h r .  This flow r a t e  was increased  t o  y i e l d  a 95% replacement i n  5 h r  
dur ing  t h e  ammonia b ioassay  i n  an at tempt t o  r a i s e  the  low disso lved  (u) 
oxygen concent ra t ions  observed. 
Ammonia concent ra t  ions were c a l c u l a t e d  from t h e  amounts of  (u) 
A.C.S. grade ammonium ch lo r ide  used, t h e  pH values and temperatures  of  
t h e  t e s t  s o l u t i o n s ,  and t a b l e s  of  undissoc ia ted  ammonia p resen t  i n  
aqueous s o l u t i o n s  presented  by Skarheim (1973). Sulframin-85 powder 
(Whitco Chemical Corporat ion,  New York) was used as t h e  source of  LAS. 
This compound contained 73 percent  LAS, 22 percent  sadium s u l f a t e ,  and 
5 percent  i n e r t  i ng red ien t s .  The average hydrocarbon chain length  o f  t h e  
LAS was 11.2. The LAS concent ra t ions  i n  t h e  t e s t  tanks were measured 
us ing  t h e  methylene b lue  a c t i v e  substances t e s t  (American Publ ic  Health 
Associat ion,  1971) . 
River Monitoring a t  Havana 
Because t h e  I l l i n o i s  Environmental P ro tec t ion  Agency'sampled t o x i -  
can t s  only  4 t o  1 3  times each year  a t  t h e  var ious  r i v e r  l o c a t i o n s ,  z inc ,  
copper,  l ead  concent ra t ions  i n  t h e  I l l i n o i s  River a t  Havana (Figure 2)  
were sampled d a i l y  t o  determine v a r i a t i o n s  i n  t h e  concent ra t ions  of  
t h e s e  meta l s  and t o  r e l a t e  t h e s e ,  i f  p o s s i b l e ,  t o  water  l e v e l s  and t h e  
t u r b i d i t y  o f  t h e  r i v e r .  
Between March 18, and June 11, 1974, d a i l y  water  samples were co l -  
l e c t e d  i n  t h e  middle of  t h e  channel o f  t h e  I l l i n o i s  River  a t  Havana, 
I l l i n o i s ,  r i v e r  mile  118.7 (Figure 2 ) .  River  mi les  i n  t h i s  s tudy r e f e r  
t o  t h e  d i s t a n c e s  between l o c a t i o n s  along t h e  I l l i n o i s  and Des P l a ines  
r i v e r s  and t h e  mouth o f  t h e  I l l i n o i s  River a t  Graf ton ,  I l l i n o i s ,  a s  
determined by t h e  U.S. Army Engineer D i s t r i c t  (1970). These samples 
were c o l l e c t e d  i n  250 m l  po lye thylene  b o t t l e s ,  a c i d i f i e d  wi th  2 m l  o f  
concent ra ted  hyd roch lo r i c  a c i d ,  and f i l t e r e d .  The samples were l a t e r  
analyzed f o r  z inc ,  copper,  and l ead  concen t r a t i ons  by t h e  I l l i n o i s  Nat- 
u r a l  H i s to ry  Survey, Urbana, I l l i n o i s ,  u s ing  atomic abso rp t ion  spec t ro -  
photometry.  River  t u r b i d i t y  and water  l e v e l s  were a l s o  observed d a i l y ,  
u s ing  a  Secchi  d i s c  and t h e  water  l e v e l  gauge a t  t h e  I l l i n o i s  Power 
Company. Water and a i r  temperatures  were checked wi th  a  mercury t h e r -  
mometer. 
F i e l d  Tes t s  o f  t h e  V a l i d i t y  of  t h e  Tox ic i t y  Index 
The v a l i d i t y  o f  exp re s s ing  t h e  t o x i c i t y  of t h e  I l l i n o i s  River  
u s ing  t o x i c i t y  i n d i c e s  was determined by conduct ing f i e l d  t e s t s  i n  
which b l u e g i l l s ,  whose t o t a l  l engths  a r e  given below, were d i r e c t l y  
exposed t o  I l l i n o i s  River  and t r i b u t a r y  wa te r  i n  cages and i n  an ae ra t ed  
pool whi le  s e v e r a l ~ t o x i c a n t  concen t r a t i ons ,  i nc lud ing  p e s t i c i d e s ,  were 
monitored. 
mean t o t a l  
l engths  i n  cm 
F i e l d  Test  and No. o f  ( ranges i n  
Location d e s c r i p t i o n  b l u e g i l l s  paren theses)  
Dresden F i e l d  Tes t  
Des P l a ines  River  Cage 5 0 
Des P l a ines  River 
Aerated Pool 
Kankakee River  Cage 5 0 
Beards town F i e l d  Tes t  
I l l i n o i s  River  Cage 5 0 4.6 (3.0-6.3) 
I l l i n o i s  River 
Aerated Pool 
Sangamon River  Cage 5 0 4.6 (3.8-5.9) 
The pool  was used t o  expose b l u e g i l l s  t o  a e r a t e d  r i v e r  wa te r  t o  s e p a r a t e  
t h e  p o s s i b l e  l e t h a l  e f f e c t s  o f  low d i s s o l v e d  oxygen concent ra t ions  i n  
t h e  r i v e r s  from those  o f  t h e  t o x i c a n t s .  Af t e r  t h e  t e s t s ,  t o x i c i t y  i n -  
d i c e s  were compiled f o r  t h e  f i e l d  t e s t  l o c a t i o n s  and compared t o  t h e  mor- 
t a l i t i e s  observed dur ing  t h e  t e s t s .  
Modified f i s h  ho ld ing  bags were used t o  expose b l u e g i l l s  d i r e c t l y  
i n  t h e  r i v e r s  (Figure 4 ) .  The bags were made o f  s o f t  nylon n e t t i n g ,  
c y l i n d r i c a l  i n  shape wi th  metal r i n g s  a t  t h e  t o p  and bottom, 50 cm deep, 
and 30.5 cm i n  diameter .  P l a s t i c  coated w i r e  s c r een ing  was wired around 
t h e  bags t o  t h e  upper and lower r i n g s  t o  p r o t e c t  t h e  bags from d e b r i s  i n  
t h e  r i v e r  and t o  enable  them t o  r e t a i n  t h e i r  shape i n  t h e  c u r r e n t .  The 
cages were supported a t  t h e  s u r f a c e  by styrofoam f l o a t s ,  and anchored 
us ing  p l a s t i c  rope and c inde r  b locks .  A d r aws t r ing  opening a t  t h e  t o p  
Figure 4 .  P o s i t i o n i n g  a  cage (modified commercial ho ld ing  bag) du r ing  
one o f  t h e  t o x i c i t y  index f i e l d  t e s t s .  t h e  upper  end o f  
each cage ,  which f l o a t e d  at. t h e  s u r f a c e  o f  t h e  r i v e r s ,  had a  
d raws t r ing  opening f o r  t h e  a d d i t i o n  and removal o f  b l u e g i l l s .  
The cages were camouflaged with t r e e  branches s o  a s  n o t  t o  
a t t r a c t  b o a t e r s  o r  fishermen. 
of each bag was used t o  p l ace  b l u e g i l l s  i n s i d e  t h e  cages.  The second 
type of apparatus  , cons i s t i ng  of  a p l a s t i c  wading pool 91.5 cm i n  
diameter  and 20.3 cm deep, was used t o  expose t h e  b l u e g i l l s  t o  a r t i f i -  
c i a l l y  a e r a t e d  water  (Figure 5 ) .  Two p o r t a b l e  battery-powered b a i t  aera-  
t o r s  suppl ied  a i r  t o  r i v e r  water  t h a t  was p e r i o d i c a l l y  pumped i n t o  t h e  
pool .  Drain holes  were cu t  i n t o  t h e  s i d e s  o f  t h e  pool ,  18 cm from t h e  
bottom, and covered with p l a s t i c - cove red  hardware c l o t h  t o  prevent  f i s h  
from escaping while  water was be ing  pumped i n t o  the  pool .  Approximately 
40-50 l i t e r s  o f  r i v e r  water  was pumped i n t o  t h e  pool t h r e e  t imes d a i l y .  
The capac i ty  o f  each cage was 37 l i t e r s ,  whi le  t h e  capac i ty  of  t h e  pool 
was 95 l i t e r s .  
Two f i e l d  t e s t s  were conducted during t h e  p r o j e c t .  For t h e  Pres-  
den f i e l d  t e s t ,  conducted between J u l y  7 and 11, 1974, one cage was lo-  
ca t ed  i n  t h e  Kankakee River ,  while  t h e  o t h e r  cage and t h e  ae ra t ed  pool  
were s e t  up on the  Des P la ines  River.  This  s i t e  was s e l e c t e d  because 
t h e  Kankakee and Des P la ines  r i v e r s  j o i n  t o  form t h e  beginning of  t he  
I l l i n o i s  River.  The Kankakee River i s  a r e l a t i v e l y  c lean  s t ream, while  
t h e  Des P la ines  River r ece ives  e f f l u e n t  from Chicago sewage p l a n t s  v i a  
t h e  Chicago S a n i t a r y  and Ship Canal. For t h e  Beardstown f i e l d  t e s t ,  
conducted between J u l y  23 and 27, 1974, one cage was loca t ed  i n  t he  
Sangamon River,  while  t h e  o t h e r  cage and t h e  a e r a t e d  pool were s e t  up 
on t h e  I l l i n o i s  River.  This s i t e  is  representat i ;e  of c o n d i t k n s  i n  t he  
middle s e c t i o n  of  t h e  I l l i n o i s  River.  Low water  l e v e l s  encountered 
dur ing  t h e  Beardstown f i e l d  t e s t ,  t h a t  were p r i m a r i l y  due t o  t h e  increased  
impoundment of r i v e r  water  above Beardtown f o r  nav iga t iona l  purposes,  
made i t  necessary  t o  move the  Sangamon River cage downstream s e v e r a l  t imes.  
The a e r a t e d  pool was f i l l e d  with r i v e r  water  and a e r a t e d  overnight  
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b e f o r e  each t e s t .  The cages and pool were camouflaged s o  a s  n o t  t o  
a t t r a c t  b o a t e r s  and fishermen. B l u e g i l l s  were d i s t r i b u t e d  t o  t h e  cages 
and a e r a t e d  pool e a r l y  i n  t h e  morning on t h e  f i r s t  day o f  each t e s t ,  which 
l a s t e d  f o r  96 h r .  River  water  t empera tures ,  pH va lues ,  d i s so lved  oxygen 
concen t r a t i ons ,  and t o t a l  a l k a l i n i t i e s  were determined us ing  methods ou t -  
l i n e d  by t h e  American Pub l i c  Health Assoc ia t ion  (1971).  S p e c i f i c  con- 
ductances were determined us ing  a  p o r t a b l e  Beckman conduc t iv i t y  meter.  
T u r b i d i t i e s  were measured us ing  a  Secchi d i s c .  A Gurley meter was used 
t o  determine t h e  c u r r e n t  v e l o c i t y  of  t h e  I l l i n o i s  River  a t  t h e  Beardstown 
f i e l d  t e s t .  
Three types  o f  water  samples were taken  p e r i o d i c a l l y  du r ing  t h e  t e s t s  
and l a t e r  analyzed by t h e  I l l i n o i s  Natura l  H i s to ry  Survey, Urbana, I l l i -  
n o i s ,  f o r  s e v e r a l  r i v e r  t o x i c a n t  concen t r a t i ons  and c h a r a c t e r i s t i c s .  
Water samples f o r  z inc ,  copper ,  and l ead  ana lyses  were c o l l e c t e d  and 
t r e a t e d  a s  desc r ibed  p rev ious ly  under r i v e r  monitor ing.  Glass b o t t l e s  
( 1 - l i t e r )  were used t o  c o l l e c t  water  samples t h a t  were l a t e r  analyzed 
f o r  p e s t i c i d e  concen t r a t i ons  by gas chromatography. P l a s t i c  f l a s k s  
(200-ml) were used t o  c o l l e c t  water  samples t o  be l a t e r  analyzed f o r  
ammonia n i t r o g e n  concen t r a t i ons  u s ing  t h e  phenate  method (American Pub- 
l i c  Heal th  Assoc ia t ion ,  1971).  The l a s t  two types  o f  samples were kept  
under r e f r i g e r a t i o n  u n t i l  t hey  could be analyzed.  
RESULTS 
Prel iminary I l l i n o i s  and Des P la ines  River Toxic i ty  Indices  
The mean component t o x i c i t i e s  and t o x i c i t y  i n d i c e s  developed f o r  
17 loca t ions  on t h e  I l l i n o i s  and Des P la ines  r i v e r s  a re  presented  i n  
Table 4 .  Component t o x i c i t i e s  l e s s  than 0.0005 BGTU1s were considered 
n e g l i g i b l e .  Ammonia (u> ' LAS, cyanide, copper, f l u o r i d e ,  and z inc  con- 
t r i b u t e d  t o  t h e  mean t o x i c i t y  i n d i c e s  o f  t h e  r i v e r s .  However, none of 
t h e  mean t o x i c i t i e s  approached 1.0 BGTU,or a  l e v e l  t h a t  would have been 
l e t h a l  t o  50 percent  of  t h e  b l u e g i l l s  i n  t h e  r i v e r s  i n  96 hours  of ex- 
posure. The h ighes t  mean t o x i c i t y  index o f  0.168 BGTU was c a l c u l a t e d  
a t  t h e  Havana loca t ion  and was p r imar i ly  due t o  a high cyanide compo- 
nent  t o x i c i t y .  Mean ammonia component t o x i c i t i e s  were gene ra l ly  h igher  (ul 
a t  t h e  upstream l o c a t i o n s ,  but  o t h e r  mean component t o x i c i t i e s  showed 
no apparent  upstream-downstream t r ends .  
The maximum component t o x i c i t i e s  and t o x i c i t y  i n d i c e s  f o r  t h e  same 
loca t ions  a r e  presented  i n  Table 5 .  The maximum t o x i c i t y  i n d i c e s  ranged 
from 0.706 t o  0.158 BGTU1s, a t  t h e  R t .  66 Bridge on t h e  Des P la ines  River 
and a t  Beardstown, r e spec t ive ly .  Cadmium, t r i v a l e n t  chromium, lead ,  
and phenol cont r ibuted  t o  t h e  maximum t o x i c i t y  ind ices  a t  some of the  
loca t ions ,  i n  add i t ion  t o  t h e  t o x i c a n t s  a l r eady  mentioned. Maximum 
ammonia component t o x i c i t i e s  of  cyanide, copper and z inc ,  however, (u> 
were c a l c u l a t e d  a t  l oca t ions  i n  the  middle o r  lower r i v e r .  
Maximum and mean t o x i c i t y  i n d i c e s  c a l c u l a t e d  a t  .the d i f f e r e n t  l o -  
ca t ions  were p l o t t e d  aga ins t  r i v e r  miles  (Figure 6 ) .  
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Table 5. Maximum Component T o x i c i t i e s  and T o x i c i t y  I n d i c e s  i n  BGTU1s During 1972 and 1973* a t  17 Locat ions  
Along t h e  I l l i n o i s  and Des Pla ines** Rivers .  Locat ion  Desc r ip t ions  a r e  Followed by T h e i r  R ive r  
Miles wi th  Kilometers i n  Pa ren theses .  Continued on Page 22a. 
River  
Toxicant 
L O C A T I O N  
n 
4 
a , .  
U 0 
C m 
a, u 
k 
0 0 
4 .  
& \O 
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n 
d 
c d .  
-?I 
w 4 
0 4 
a - 
a, 
k N 
a, 
2 4 
b 
n 
C d 
g A 
4 d 
w 4 
-0- 
k 
rd m 
a , .  
m b 
m 
Arsenic  17.5 - - - - - - - - - - - - - - - - - - 
Chromium- 
t r i v a l e n t  71.9 0.002 - - - - - - - - - - - - - - - - 
Copper 10.2 0.015 0.013 0.018 0.048 0.010 0.049 0.034 0.045 0.022 
Cyanide 0.15 0.067 - - 0.133 - - 0.467 0.133 0.133 - - - - 
Fluor ide  44.5 0.013 0.013 0.013 0.013 0.020 0.020 0.022 0.016 0.022 
Lead 442.0 - - - - - - 0.001 - - 0.001 0.001 0.001 - - 
LAS 6.5 0.037 0.040 0.042 0.032 0.034 0.034 0.032 0.032 0.034 
Phenol 28.5 0.001 - - - - 0.001 0.001 - - - - . 0.001 - - 
Zinc 40.9 0.002 0.002 0.002 0.002 0.002 0.005 0.012 0.007 0.002 
Maximum T o x i c i t y  Index 0.446 0.213 0.293 0.158 0.601 0.594 0.495 0.544 0.183 
* d a t a  ob ta ined  from t h e  I l l i n o i s  Environmental P r o t e c t i o n  Agency (1972; 1973) 
**River mi le  277.8 (447.0) i s  i n  t h e  Des P l a i n e s  River.  
- - l e s s  t h a n  0.0005 BGTU1s 
Table 5. (cont inued)  
L O C A T I O N  
m 
0 
0 
0 
d 
cd u 
U 
Q) b 
C . 
Q) N 
mu) 
N 
River  
Toxicant  
Arsenic  17.5 - - - - - - - - - - - - - - - - 
Chromium- 
t r i v a l e n t  71.9 - - - - - - - - - - - - - - - - 
Copper 10.2 0.010 0.020 0.006 0.012 0.008 0.005 0.024 0.009 
Cyanide 0.15 0.067 0.067 - - - - 0.067 - - - - - - 
Fluo r ide  44.5 0.011 0.016 0.013 0.018 0.013 0.020 0.018 0.027 
Lead 
LAS 
Mercury 9.54 - - - - - - - - - - - - - - - - 
Phenol 28.5 - - - - - - - - - - - - 0.004 - - 
Zinc 40.9 0.002 0.005 0.002 0.002 0.002 0.002 0.002 0.005 
Maximum T o x i c i t y  Index 0.458 0.351 0.294 0.231 0.333 0.488 0.439 0.706 
*da t a  ob t a ined  from t h e  I l l i n o i s  Environmental P r o t e c t i o n  Agency (1972; 1973) 
**River mile 277.8 (447.0) is  i n  t h e  Des P l a i n e s  River .  
- - l e s s  t han  0.0005 BGTU1s 
Bluegi l l  Toxic Units 
Bioass ays 
The t e s t  cond i t i ons  and mean ammonia concent ra t ions  observed (u> 
dur ing  t h e  ammonia b ioassay  a r e  summarized i n  Table  6 .  The t e s t  con- (u) 
d i t i o n s  and mean LAS concent ra t ions  observed i n  t h e  t e s t  t anks  du r ing  
t h e  LAS b ioassay  a r e  summarized i n  Table  7. The d i s so lved  oxygen con- 
c e n t r a t i o n s  du r ing  t h e  ammonia b ioassay  decreased n o t i c e a b l y ,  b u t  t h e  (u) 
low oxygen l e v e l s  d i d  n o t  r e s u l t  i n  any m o r t a l i t i e s  i n  t h e  c o n t r o l  tank 
and were probably n o t  low enough t o  cause m o r t a l i t i e s  i n  t h e  t e s t  t anks  
con ta in ing  ammonia (u> ' Ammonia s t r e s s  appa ren t ly  caused t h e  f i s h  t o  con- 
sume more oxygen, reducing t h e  oxygen l e v e l s .  Once t h e  f i s h  began t o  d i e ,  
and were removed, oxygen l e v e l s  went up. 
The t o x i c i t y  curves  o f  ammonia and LAS t o  b l u e g i l l s  a r e  p re sen t ed  (u> 
i n  F igures  7  and 8. The l e t h a l  e f f e c t s  o f  both t o x i c a n t s  had ended be- 
f o r e  t h e  end o f  t h e  t e s t s .  The 96-hr LC50 va lues  determined f o r  
ammonia and LAS were 1.65 and 6.5 m g / l i t e r ,  r e s p e c t i v e l y .  These (u) 
va lues  compare favorab ly  wi th  t hose  found i n  t h e  l i t e r a t u r e .  For i n -  
s t a n c e ,  a  96-hr LC50 va lue  o f  ammonia n i t r o g e n  o f  23.7 m g / l i t e r  t o  
b l u e g i l l s  was r epo r t ed  i n  hard  water  a t  30 C (Anonymous, 1960) .  Assuming 
a pH of 8 .0 ,  t h i s  va lue  of  ammonia n i t r o g e n  would correspond approximately 
t o  an ammonia va lue  o f  1 . 5  m g / l i t e r .  I n  a d d i t i o n ,  Hokanson and Smith (u) 
(1971) r e p o r t e d  96-hr  LC50 va lues  o f  LAS t o  b l u e g i l l s  o f  2.85 t o  4.25 
m g / l i t e r  i n  waters  o f  varying hardness .  
River  Monitoring 
The r i v e r  monitor ing phase o f  t h e  p r o j e c t  was planned t o  compare 
d a i l y  z inc ,  copper ,  and l ead  concen t r a t i ons  i n  t h e  I l l i n o i s  River  a t  
f lood  and pool s t a g e s .  Between March 18 ,  and June 11, 1974, however, 
Table 6. Test  Condit ions During t h e  Ammonia Bioassay. ( 4  
temperature d i s so lved  oxygen t o t a l  a l k a l i n i t y  mean ammonia * 
range PH range range concent r a t i d " )  
t e s t  t ank  (c)  range (mg/ l i t e r )  ( m g / l i t e r  a s  CaC03) (mg/ l i te r )  
6 23.0-25.0 7.8-8.1 4.41-5- 85 216-228 
*ca l cu la t ed  concent ra t ions  from Skarheim (1973) 
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t h e  water  l e v e l s  o f  t h e  r i v e r  a t  Havana remained h igh ,  varying between 
approximately 1 f t  (0 .3  m) below t o  8 f t  ( 2 . 4  m) above f lood  s t age .  
During t h i s  per iod ,  heavy metal concent ra t ions  i n  t h e  r i v e r  ranged a s  f o l -  
lows: z inc ,  0.01-0.09 mg/ l i t e r ;  copper,  l e s s  than  0.005-0.050 m g / l i t e r ;  
l ead ,  l e s s  than  0.01-0.03 m g / l i t e r .  Within t h e s e  ranges,  no c o r r e l a t i o n  
was found between t h e  concent ra t ions  of  t h e s e  t o x i c a n t s  and I l l i n o i s  River 
water  l e v e l s .  S imi l a r ly ,  no c o r r e l a t i o n  was found between t h e  concen- 
t r a t i o n s  o f  t h e s e  t o x i c a n t s  and r i v e r  t u r b i d i t i e s ,  a s  measured by Secchi  
d i sk  readings  which ranged from 5  t o  30 cm. 
F i e ld  Tes t s  
The ranges o f  t h e  r i v e r  parameters and t h e  t o x i c a n t  concent ra t ions  
determined dur ing  t h e  Dresden f i e l d  t e s t  a r e  summarized i n  Table 8.  The 
pH va lues  and d i s so lved  oxygen concent ra t ions  o f  t h e  Kankakee River d i f f e r e d  
from t h a t  o f  t h e  Des P la ines  River .  The low d isso lved  oxygen concentra-  
t i o n s  o f  t h e  Des P la ines  River were r a i s e d  by a r t i f i c i a l l y  a e r a t i n g  t h e  
r i v e r  water  i n  t h e  Des P la ines  River a e r a t e d  pool ,  b u t  malfunct ions o f  
t h e  a e r a t o r s  caused t h e  d isso lved  oxygen l e v e l s  t o  drop s e v e r a l  t imes 
dur ing  t h e  t e s t .  Ammonia concent ra t ions  were h i g h e r  i n  t h e  Des (u) 
P l a ines  River than  i n  t h e  Kankakee River.  A ld r in ,  t h e  only p e s t i c i d e  
found i n  t h e  r i v e r s ,  however, was p re sen t  i n  h ighe r  concent ra t ions  i n  
t h e  Kankakee River.  
The mean t o x i c i t y  i n d i c e s  e s t a b l i s h e d  f o r  t h e  Kankakee and Des 
P la ines  r i v e r s  dur ing  the  Dresden f i e l d  t e s t  a r e  presented  i n  Table 9 .  
Because o f  t h e  high t o x i c i t y  of a l d r i n ,  it con t r ibu ted  t h e  h ighes t  mean 
component t o x i c i t y  c a l c u l a t e d  i n  t h e  Kankakee River .  Ammonia con- (u) 
t r i b u t e d  most t o  t h e  mean t o x i c i t y  i n d i c e s  of  t h e  Des P la ines  River .  
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Table 9. Mean Component T o x i c i t i e s  and Tox ic i ty  Ind ices  i n  BGTU1s, 
and Observed B lueg i l l  Mor t a l i t y  During t h e  Dresden F ie ld  Tes t .  
River Toxicant and Des P la ines  Des P la ines  Kankakee River 
i t s  96-hr LC50 River  Cage River Aerated Cage 
Pool 
Ammonia (u) 0.053 0.049 0.007 
1.65 m g / l i t e r  
Aldr in  - - 0.002 0.129 
0.013 m g / l i t e r  
Copper 0.002 0.002 
10.2 mg/ l i t e r  
Lead 
442 m g / l i t e r  
Zinc 0.001 0.002 - - 
Tox ic i ty  Index 0.056 0.055 0.138 
Mor ta l i t y  observed 0 % 0% 
a f t e r  96 h r  
- - l e s s  than  0.0005 BGTU1s 
32 
The mean t o x i c i t y  i n d i c e s  o f  bo th  r i v e r s ,  however, were below those  
t h a t  would have caused 50 percent  of t h e  b l u e g i l l s  exposed t o  them t o  d i e  
over  a  96-hr pe r iod ,  and no b l u e g i l l  m o r t a l i t i e s  were observed dur ing  t h e  
Dresden f i e l d  t e s t  (Table 9 ) .  
The ranges o f  t h e  r i v e r  parameters  and t h e  t o x i c a n t  concent ra t ions  
determined dur ing  t h e  Beardstown f i e l d  t e s t  a r e  summarized i n  Table 10. 
...... 
The water  q u a l i t y  o f  t h e  Sangamon River d i f f e r e d  from t h a t  o f  t h e  I l l i -  
n o i s  River ,  p a r t i c u l a r l y  i n  terms of  pH values and d i s so lved  oxygen con- 
c e n t r a t i o n s ,  p a r a l l e l i n g  t h e  s i t u a t i o n  a t  t h e  Dresden f i e l d  t e s t .  Two 
important  d i f f e r e n c e s  were observed between t h e  Dresden and Beardstown 
f i e l d  t e s t s .  The v e l o c i t y  of t h e  I l l i n o i s  River a t  t h e  Beardstown 
f i e l d  t e s t  ranged from 1.2 t o  1 . 8  f t / s e c  (0.4-0.6 m/sec) , which was 
g r e a t e r  than  t h e  observed v e l o c i t i e s  i n  e i t h e r  t h e  Des P l a i n e s ,  Kankakee, 
o r  Sangamon r i v e r s .  The c u r r e n t  was s t r o n g  enough t o  tilt t h e  I l l i n o i s  
River cage a t  a  45-degree angle ,  a  cond i t i on  a l s o  n o t  observed i n  o t h e r  
r i v e r s .  The second d i f f e r e n c e  observed between t h e  Dresden and ~ e a r d s -  
town f i e l d  t e s t s  was increased  t u r b i d i t y ,  r e f l e c t e d  i n  t h e  lower Secchi  
d i sk  readings  i n  t h e  I l l i n o i s  and Sangamon r i v e r s  than i n  t h e  Des P la ines  
and Kankakee r i v e r s .  A t  t h e  Beardstown f i e l d  t e s t ,  a l d r i n  and z inc  
concent ra t ions  were h ighe r  i n  t h e  I l l i n o i s  River than  i n  t h e  Sangamon 
River ,  whi le  l ead ,  copper,  and ammonia concent ra t ions  were s i m i l a r  (u) 
i n  both r i v e r s .  
The mean component t o x i c i t i e s  and t o x i c i t y  i n d i c e s  developed f o r  
t h e  I l l i n o i s  and Sangamon r i v e r s  dur ing  t h e  Beardstown f i e l d  t e s t  a r e  
presented  i n  Table 11. The mean t o x i c i t y  i n d i c e s  developed f o r  both t h e  
I l l i n o i s  and t h e  Sangamon r i v e r s  were below those  developed f o r  t h e  Des 
P la ines  and Kankakee r i v e r s ;  however, b l u e g i l l  m o r t a l i t i e s  were observed 
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Table 11. Mean Component T o x i c i t i e s  and Tox ic i t y  Ind i ce s  i n  BGTUfs, 
and Observed B lueg i l l  Mor t a l i t y  During t h e  Beardstown 
F ie ld  Tes t .  
River  Toxicant  and I l l i n o i s  River  I l l i n o i s  River  Sangamon River 
i t s  96-hr  LC50 Cage Aerated Pool Cage 
A1 d r i n  0.008 
0.013 m g / l i t e r  
Copper 
10.2 m g / l i t e r  
Lead 
442 m g / l i t e r  
Zinc 
40.9 m g / l i t e r  
Toxi c i t y  Index 0.016 0.018 0.008 
Mor t a l i t y  observed 
a f t e r  96 h r  22% 
- - - l e s s  than  0.0005 BGTU1s 
i n  both t h e  I l l i n o i s  River and Sangamon River cages (Table 11 ) .  The 
causes o f  t h e s e  m o r t a l i t i e s  were probably s t r e s s e s  t h a t  were placed 
on t h e  b l u e g i l l s  o t h e r  than tox ican t  concen t r a t ions .  The s t r e s s  proba- 
b l y  r e spons ib l e  f o r  t h e  m o r t a l i t i e s  observed i n  t h e  I l l i n o i s  River 
cage was t h e  cu r r en t  of t h e  I l l i n o i s  River .  The s t r e s s  probably repons- 
i b l e  f o r  t h e  m o r t a l i t i e s  observed i n  t h e  Sangamon River  cage was the  
e x t r a  handl ing  of  t h e  f i s h  t h a t  took p l ace  when low water  l e v e l s  forced  
us t o  move t h i s  cage seve ra l  t imes.  These assumptions a r e  supported by 
t h e  f a c t  t h a t  no b l u e g i l l  m o r t a l i t i e s  were observed i n  t h e  I l l i n o i s  
River  ae ra t ed  pool .  
DISCUSSION 
The p re l imina ry  mean t o x i c i t y  i n d i c e s  compiled f o r  t h e  d i f f e r e n t  
l oca t ions  along t h e  I l l i n o i s  and Des P la ines  r i v e r s ,  and t h e  mean t o x i -  
c i t y  i n d i c e s  c a l c u l a t e d  dur ing  t h e  f i e l d  t e s t s ,  i n d i c a t e d  t h a t  t h e  t o x i -  
c a n t s  d e a l t  wi th  do n o t  normally occur  i n  t h e  I l l i n o i s  River  i n  concentra-  
t i o n s  h igh  enough t o  cause acute  l e t h a l  e f f e c t s  t o  f i s h  i n  t h e  r i v e r .  
This was a l s o  i n d i c a t e d  by t h e  lack of  b l u e g i l l  m o r t a l i t y  dur ing  t h e  
f i e l d  t e s t s .  The maximum t o x i c i t y  i n d i c e s  compiled f o r  t h e  I l l i n o i s  
and Des P la ines  r i v e r s ,  however, i n d i c a t e d  t h a t  a t  p a r t i c u l a r  t imes,  
ammonia and cyanide were p r e s e n t  i n  t h e  r i v e r s  a t  l e v e l s  a s  high a s  (u) 
0.630 and 0.467 BGTU, r e spec t ive ly .  These t o x i c a n t  l e v e l s  probably s t r e s s  
f i s h  i n  t h e  r i v e r s  s eve re ly ,  bu t  m o r t a l i t i e s  produced by such t o x i c a n t  
l e v e l s  would a l s o  be dependent on t h e  per iods  o f  exposure.  Other t o x i -  
can t s  t h a t  commonly con t r ibu ted  t o  t h e  prel iminary t o x i c i t y  i n d i c e s  
were LAS, copper,  f l u o r i d e ,  and z inc .  
Higher ammonia component t o x i c i t i e s  i n  t h e  Des P la ines  River (u) 
and a t  t h e  upper l o c a t i o n s  i n  t h e  I l l i n o i s  River were probably r e l a t e d  
t o  t h e i r  proximity t o  t h e  Chicago S a n i t a r y  and Ship Canal, which c a r r i e s  
municipal wastes from t h e  Metropol i tan San i t a ry  D i s t r i c t  o f  Grea ter  
Chicago t o  t h e  Des P la ines  River.  The tendency o f  t h e  component t o x i -  
c i t i e s  of cyanide,  copper, and z inc  t o  be h ighe r  a t  l o c a t i o n s  i n  t h e  
middle and lower p a r t s  o f  t h e  I l l i n o i s  River  may have been r e l a t e d  t o  
i n d u s t r i a l  e f f l u e n t s  o r i g i n a t i n g  i n  t h e  h i g h l y  i n d u s t r i a l i z e d  Peor ia -  
Pekin a rea .  The component t o x i c i t i e s  o f  LAS and f l u o r i d e  showed l i t t l e  
v a r i a t i o n  along t h e  r i v e r .  However, s e v e r a l  assumptions had t o  be  made 
i n  o r d e r  t o  inc lude  t h e s e  t o x i c a n t s  i n  t h e  t o x i c i t y  i n d i c e s ,  both i n  
c a l c u l a t i n g  f l u o r i d e  t o x i c i t y  t o  b l u e g i l l s ,  and i n  c a l c u l a t i n g  LAS 
concen t r a t i ons  from t h e  r epo r t ed  MBAS concen t r a t i ons .  Therefore ,  more 
d a t a  is  necessary  concerning t h e s e  t o x i c a n t s  t o  a c c u r a t e l y  determine 
t h e i r  p o s s i b l e  l e t h a l  e f f e c t s  t o  f i s h  i n  t h e  I l l i n o i s  River .  A ld r in ,  
t h e  on ly  p e s t i c i d e  monitored dur ing  t h e  f i e l d  t e s t s ,  c o n t r i b u t e d  a mean 
component t o x i c i t y  of 0.129 BGTU i n  t h e  Kankakee River.  I t s  presence 
may be  r e l a t e d  t o  t h e  use  o f  land ad j acen t  t o  t h e  Kankakee River  f o r  
a g r i c u l t u r a l  purposes,  and i n d i c a t e s  t h e  p o t e n t i a l  hazard o f  a g r i c u l t u r a l  
run-of f  t o  f i s h  i n  t h e  I l l i n o i s  River s i n c e  p e s t i c i d e s  can accumulate,  
v i a  t h e  food cha in ,  t o  much h ighe r  l e v e l s  i n  organisms than  occur  i n  t h e  
water .  
Combinations o f  some t o x i c a n t s  i n  low concent ra t ions  have been 
shown t o  have l e s s  than  a d d i t i v e  l e t h a l  e f f e c t s  on f i s h  (Sprague, 1970). 
Low d i s so lved  oxygen concen t r a t i ons ,  however, a r e  known t o  i n c r e a s e  t h e  
t o x i c i t y  of  most t o x i c a n t s  t o  f i s h ,  and t h e r e f o r e ,  t h e  low d i s so lved  oxy- 
gen concen t r a t i ons  t h a t  a r e  common i n  t h e  I l l i n o i s  and Des P l a ines  r i v e r s  
may i n c r e a s e  t h e  l e t h a l  e f f e c t s  o f  t h e  t o x i c a n t s  p r e sen t  i n  t h e  r i v e r .  
The e f f e c t s  o f  d i l u t i o n  and t h e  adsorp t ion  o f  t o x i c a n t s  on to  s i l t  p a r t i -  
c l e s  i n  t h e  I l l i n o i s  River dur ing  t h i s  s t u d y  were unknown. The r i v e r  
monitor ing phase o f  t h i s  p r o j e c t  i n v e s t i g a t e d  t h e s e  e f f e c t s  on a  minor 
s c a l e ,  b u t  it showed no c o r r e l a t i o n s  between water  l e v e l  v a r i a t i o n s ,  o r  
t u r b i d i t y ,  and z inc ,  copper,  and l e a d  concen t r a t i ons  i n  t h e  I l l i n o i s  River .  
To i l l u s t r a t e  t h e  p o s s i b l e  e f f e c t s  of d i l u t i o n  i n  t h e  I l l i n o i s  River ,  
weekly water  l e v e l  averages a t  Havana du r ing  1971-1974 a r e  presen ted  i n  
Figure 9 .  The wa te r  l e v e l s  o f  t h e  r i v e r  dur ing  1974 i n d i c a t e  t h a t  t h e  
r i v e r  was above i t s  low-flow s t a g e  dur ing  t h e  r i v e r  monitor ing and 
f i e l d  t e s t  phases o f  t h i s  p r o j e c t .  I f  t h e  l e t h a l  e f f e c t s  o f  t o x i c a n t s  
t o  f i s h  a r e  g r e a t e s t  dur ing  low-flow p e r i o d s ,  t h e  t o x i c i t y  i n d i c e s  de- 
r iver  mni  toring 
period f ie ld  t e s t  period 
Figure 9. I l l inois  River weekly water level averages a t  Havana. 
Solid lines represent pool stages, dotted lines repre- 
sent flood stages (Department of Commerce, 1971; 1972; 
1973; 1974). 
veloped dur ing  t h e  f i e l d  t e s t s  may have underest imated t h e  t o x i c i t y  o f  
t h e  r i v e r  a t  t h e  low-flow s t a g e  reached l a t e r  i n  1974. Likewise, t h e  
pre l iminary  t o x i c i t y  i n d i c e s  developed f o r  t h e  I l l i n o i s  and Des P la ines  
r i v e r s  from 1972-1973 d a t a  may have underest imated the  t o x i c i t y  o f  t h e  
r i v e r  reached during the  low-flow per iod  o f  1971. 
F i n a l l y ,  it should be noted t h a t  t he  t o x i c i t y  i n d i c e s  presented  i n  
t h i s  s tudy  were n o t  c a l c u l a t e d  t o  i n d i c a t e  f f s a f e f f  l e v e l s  of t o x i c a n t s  i n  
t h e  I l l i n o i s  River.  I t  has become common p r a c t i c e  t o  assume t h a t  main- 
t a i n i n g  tox ican t  concent ra t ions  below one-tenth of  t h e i r  96-hr ( o r  48-hr) LC50 
va lues  f o r  a  spec i e s ,  safeguards t h a t  spec i e s  ( I l l i n o i s  P o l l u t i o n  Control Board, 
1973) . However, t h i s  assumption has s eve ra l  1 i m i t a t i  ons, p a r t i c u l a r l y  when eva lua t ing  
l e t h a l  e f f e c t s  o f  s low-act ing t o x i c a n t s  o r  o f  those  s u b j e c t  t o  b i o l o g i c a l  magni- 
f i c a t i o n  i n  food cha ins .  Therefore,  although some of t he  t o x i c a n t s  
d e a l t  with i n  t h i s  s tudy ,  such as  mercury and chromium, d i d  no t  appear 
t o  c o n t r i b u t e  t o  t h e  acute  t o x i c i t y  of  t h e  r i v e r ,  they  may have long- 
term e f f e c t s  on t h e  f i s h  populat ions i n  t h e  I l l i n o i s  River .  
SUMMARY 
1) The t o x i c i t y  ind ices  developed during t h i s  p ro jec t  ind ica ted  t h a t  
concentrat ions o f  t h e  tox ican t s  d e a l t  with do not  normally occur a t  
l e v e l s  high enough t o  cause f i s h  i n  t h e  I l l i n o i s  River t o  d i e .  The 
/ 
lack of b l u e g i l l  m o r t a l i t i e s  observed i n  t h e  f i e l d  supported t h i s  
conclusion. 
2)  On p a r t i c u l a r  occasions,  t h e  component t o x i c i t i e s  of  ammonia and lu) 
cyanide i n  t h e  I l l i n o i s  River were high enough t o  s t r e s s  f i s h  i n  
t h e  r i v e r  severe ly ,  however, t h e  lengths  of t ime t h e  f i s h  were ex- 
posed t o  these  tox ican t s ,  and the re fo re  t h e i r  p o s s i b l e  l e t h a l  e f -  
f e c t s ,  were unknown. 
3) Ammonia cont r ibuted  more t o  t h e  t o x i c i t y  of  t h e  r i v e r  a t  i t s  up- 
lu) 
s tream loca t ions ,  probably due t o  t h e  proximity o f  these  loca t ions  
t o  t h e  municipal e f f l u e n t s  of  t h e  Metropolitan San i t a ry  D i s t r i c t  of 
Greater  Chicago. 
4) Cyanide, copper, and zinc cont r ibuted  more t o  t h e  t o x i c i t y  of t h e  
I l l i n o i s  River a t  i t s  mid- and downstream l o c a t i o n s ,  poss ib ly ,  due 
t o  t h e  added loads of  i n d u s t r i a l  wastes t h e  r i v e r  r ece ives  i n  t h e  
Peoria-Pekin area .  
5) The e f f e c t s  of  d i l u t i o n  and t h e  adsorbt ion o f  tox ican t s  onto s i l t  
p a r t i c l e s  i n  t h e  r i v e r  during t h i s  s tudy were unknown, b u t  may have 
r e s u l t e d  i n  some underestimation of  the  t o x i c i t y  of t h e  r i v e r .  
6) The 96-hr LC50 values determined f o r  ammonia and LAS t o  b l u e g i l l s  
lu) 
during t h i s  s tudy agreed favorably with those  repor ted  f o r  these  t o x i -  
cants  i n  t h e  l i t e r a t u r e .  This i n d i c a t e s  t h a t  t o x i c i t y  d a t a  f o r  
o t h e r  tox ican t s ,  generated i n  experiments i n  which water  s i m i l a r  i n  
q u a l i t y  t o  I l l i n o i s  water i s  used, can be d i r e c t l y  appl ied  t o  t h e  
I1 l i n o i s  River. 
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RELATION OF THIS RESEARCH TO WATER RESOURCES PROBLEW 
Physical-chemical information on p a r t i c u l a r  r i v e r s  and b ioassay  in -  
formation on t h e  t o x i c i t y  o f  chemicals t o  aqua t i c  organisms i s  accumu- 
l a t i n g  more and more r a p i d l y ,  and both types o f  information a r e  u se fu l  
i n  a s s e s s i n g  t h e  q u a l i t y  o f  water  f o r  t h e  p r o t e c t i o n  of  a q u a t i c  s p e c i e s .  
This  research  demonstrated a  method f o r  r e l a t i n g  t h e s e  types  o f  information.  
Many water  q u a l i t y  s tandards  have been based on t e s t s  t h a t  were 
designed t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  s i n g l e  f a c t o r s  i n  a q u a t i a  environ- 
ments, whereas organisms i n  a  r i v e r  a r e  exposed t o  many f a c t o r s  simul- 
taneous ly .  The method used i n  t h i s  research  can t a k e  i n t o  cons ide ra t ion  
t h e  j o i n t  a c t i o n  o f  a l l  o f  t h e  t o x i c a n t s  t h a t  can be  i d e n t i f i e d  i n  a  
r i v e r ,  although t h e  assumption t h a t  t h e  t o x i c a n t s  a r e  a d d i t i v e  i n  t h e i r  
e f f e c t s  needs f u r t h e r  t e s t i n g .  
Two s p e c i f i c  recommendations f o r  improving t h e  use fu lnes s  o f  chemi- 
c a l  information f o r  p r e d i c t i n g  b i o l o g i c a l  e f f e c t s  can be made. F i r s t ,  
because ammonia i s  t o x i c  t o  a q u a t i c  l i f e  r a t h e r  t h a n  ammonia n i t rogen ,  . (u) 
e f f o r t s  should be  made t o  monitor and r e p o r t  t h i s  va lue  r e g u l a r l y .  
Second, because MBAS concent ra t ions  can inc lude  i n t e r f e r r i n g  f a c t o r s  be- 
s i d e s  LAS, more s p e c i f i c  t e s t s  f o r  LAS should be inc luded  i n  monitoring 
programs. The f a c t  t h a t  both LAS and ammonia con t r ibu ted  commonly (u) 
t o  t h e  t o x i c i t y  o f  t h e  I l l i n o i s  River ,  s t r eng thens  t h e s e  recommendations. 
H3dVQSFM SIHL WOdd DNfLlilS!iM sasgt-ld, 
-.tenlM siouftt~ eqa $0 Aaltenb eya ssesso oa sa9;puf Xapfxoa 
30 auaudotenap etW, -uataed~de.td u1 *sq.tedg *a *M pue *A 81qsufqnq 
jo ttolaapossy eya do 8utqaau tanuue ~39~ aya a? uolai?$uese.td soj 
peaapqns g(a30~a~qv) &Jen?tf slouftt~ eya 30 Xaltohb aqa SS~SS~ 
ACKNOWLEDGEMENTS 
We would l i k e  t o  thank Al l i son  Brigham, Willis Bruce, C e c i l i a  Shen, 
Ron Duzan, Sharon Fradenburgh, James Per ry ,  Ken Smith,  and o t h e r s  o f  t h e  
I l l i n o i s  Natura l  H i s to ry  Survey, Urbana, I l l i n o i s ,  f o r  t h e i r  h e l p  i n  ana- 
l yz ing  t h e  seemingly end le s s  load  o f  wa te r  samples produced d u r i n q , t h i s  
p r o j e c t .  Willi.am Chi lders ,  a l s o  o f  t h i s  i n s t i t u t i o n ,  and Maurice Whitacre,  
o f  t h e  I l l i n o i s  Department o f  Conservat ion,  he lped  provide  t h e  b l u e g i l l s  
t h a t  were ,used  du r ing  t h e  p r o j e c t .  Hubert Bell and t h e  I l l i n o i s  Depart- 
ment o f  Conservation provided t h e  f a c i l i t i e s  a t  t h e i r  f i e l d  headquar te rs  
i n  Hav*a, I l l i n o i ~ , ~  where t h e  b ioas says  were conducted, Howard 
. ' 
McFadden provided t h e  docking f a c i l i t i e s  a t  t h e  I l l i n o i s  Power Company 
i n  Havana d,uring t h e  r i v e r  monitor ing phase of t h i s  p r o j e c t .  Robert 
Neas, of t h e  Chemistry Department, Western I l l i n o i s  Univers i ty ,  gave 
adv i se  concerning und i s soc i a t ed  ammonia. Harold Manner, o f  t h e  Department 
o f  Biology, Loyola Univers i ty ,  provided t h e  LAS compound used dur ing  t h e  
b ioassay .  
S p e c i a l  thanks  a r e  extended t o  Ken Nichols ,  Car l  Thompson, Allen 
Tucek, and S t eve  Lubinski f o r  t h e i r  h e l p  dur ing  t h e  va r ious  phases o f  t h e  
l abo ra to ry  and f i e l d  work. 
The work upon which t h i s  publ icat ion i s  based was supported by funds 
provided by t h e  U,S, Department o f  t h e  I n t e r i o r  a s  au tho r i zed  under t h e  
Water Resources Research Act o f  1964, P. L.  88-379. 
